It is shown that new parameters X can be defined such that the heat capacity Cx-T(OS/6T)x is negative, even when the canonical ensemble [i.e., at fixed T= (OU/OS)y and Yr is stable. This implies an extension of the classical theory of polytropes from ideal gases to general fluids. As examples of negative heat capacity systems we treat blackbody radiation and general gas systems with nonsingular K r. For the case of a simple ideal gas we even exhibit an apparatus which enforces a constraint X(p, V)= const that makes Cx < 0. We then show that it is possible to infer the statistical mechanics of canonically unstable systems--for which even the traditional heat capacities are negative--by imposing constraints that stabilize the associated noncanonical ensembles. Two explicit models are discussed.
1, INTRODUCTION
The idea of negative heat capacities is by now well known for black holes (~) and for interacting classical systems like stars (R) and certain models of plasma (ref. 3, Fig. 8) . The physical realization of many familiar thermodynamic constructions is problematic in the first two cases because of the important role played by gravitation. (4) In view of the long-range and universal character of this interaction it is very doubtful that a thermal reservoir which is large enough to enforce a sharply defined temperature would not also completely dominate the gravitational dynamics of any small system to which it was coupled. This is an important practical proNem in the thermodynamics of gravitation, but it should not be allowed to obscure the fundamental problem that a system whose heat capacity is negative cannot reach thermal equilibrium even with an idealized reservoir.
The physical argument is that a system with negative heat capacity warms up by losing heat and cools down by gaining it. If heat flows from hot to cold, then any temperature difference with respect to the reservoir will engender heat flows which increase the difference. The mathematical argument proceeds by contradiction. Let H represent the system's Hamiltonian and let Y stand for one or more of the usual extensive parameters in addition to the energy. This is a manifestly positive quantity, so the assumption of thermal equilibrium must be erroneous whenever Cr is negative.
In view of the preceding arguments it is usually assumed that systems with negative heat capacity can be treated statistically only in the microcanonical ensemble. We have just seen the problem when it is a usual heat capacity C r, but one might ask how the matter stands for a more general heat capacity Cx-T(~S/~T)x, where X is not restricted to be a normal extensive parameter of the canonical ensemble. The answer is that quantities X can always be defined such that Cx is less than zero, even when Cy is positive and the canonical ensemble is completely stable (ref. 6, pp. 42, 45) . Examples of functions X will be given below. The physical picture is of a system coupled to a reversible work source that adds or withdraws energy so as to keep some quantity X fixed. The system will have Cx < 0 if the constraint X = const is chosen so that any heat flow from the reservoir is overbalanced by the work drawn off by the reversible work source.
